To review the effectiveness of preoperative biliary drainage (PBD) in patients with obstructive jaundice resulting from tumors.
Objective
To review the effectiveness of preoperative biliary drainage (PBD) in patients with obstructive jaundice resulting from tumors.
Summary Background Data
This was a systematic review, including a meta-analysis, of randomized controlled trials and comparative cohort studies conducted worldwide and published between 1966 and September 2001, classified on methodologic strength and subdivided into level 1 (randomized controlled trials) and level 2 (comparative cohort studies).
Methods
Comparison was made of PBD versus no PBD in jaundiced patients undergoing resection of a tumor. Outcome measures were in-hospital death rate, overall complications resulting from the treatment modality (drainage-and surgery-related complications), and hospital stay. Effect sizes were calculated and combined in meta-analyses. Relative differences (%) were calculated to compare effects on outcome measures.
Results
Five randomized controlled studies comprising 302 patients met the inclusion criteria for level 1 studies, and 18 cohort studies comprising 2,853 patients met the criteria for level 2 studies. Meta-analysis of level 1 studies showed no difference in the overall death rate between patients who had PBD and those who had surgery without PBD. The overall complication rate, however, was significantly adversely affected by PBD compared with surgery without PBD. At level 2, there was no difference in the death rate between the two treatment modalities. The overall complication rate, however, was significantly adversely affected by PBD compared with surgery without PBD. If PBD had been without complications, then complications would be in favor of drainage based on level 1 studies, and no difference based on level 2 studies. Further, PBD was not able to reduce the length of postoperative hospital stay compared with surgery without PBD; instead, it prolonged the stay.
Conclusions
This meta-analysis shows that PBD with current standards for patients with obstructive jaundice resulting from tumors carries no benefit and should not be performed routinely. The potential benefit of PBD in terms of postoperative rates of death and complications does not outweigh the disadvantage of the drainage procedure. Only if PBD-related complications could be reduced by 27% and consequently diminish hospital stay could PBD be beneficial. Further randomized controlled trials with improved PBD techniques are necessary.
Surgery in jaundiced patients with tumors carries an increased risk of postoperative complications. 1, 2 Several risk factors have been identified; among these, preoperative hyperbilirubinemia has been identified as a potential risk factor for poor outcome. [3] [4] [5] To avoid death and complications, preoperative biliary drainage (PBD) has been proposed as a means of reversing the pathophysiologic disturbances seen in jaundiced patients. In 1935, Whipple already had performed a staged surgical approach with a preliminary bypass to reduce jaundice and improve hepatic function. 6 Interest in the staged approach was renewed with the advent of a nonoperative first stage, external and later internal biliary drainage. In the late 1970s, the first studies on PBD reported a reduced postoperative death rate in jaundiced patients. 7, 8 Since then, numerous studies, randomized as well as retrospective, have compared the outcome of PBD with surgery without PBD.
Studies in experimental animals have shown benefit of PBD, especially after internal drainage when the enterohepatic circulation was restored. 9, 10 Clinical studies have failed to show this benefit, and some studies even reported a deleterious effect. [11] [12] [13] [14] [15] [16] [17] Despite the lack of a beneficial effect in many centers, most jaundiced patients undergo surgery for tumors after preoperative drainage. PBD is mainly performed because of logistic problems, such as time needed for further staging and the expected waiting time for surgery. The objective of this meta-analysis was to examine the effectiveness of PBD in jaundiced patients with tumors, to guide clinicians in their management of these patients, and to identify areas of uncertainty for future research.
METHODS

Assessment of the Quality of Studies
Studies comparing surgery with PBD versus surgery without PBD for jaundiced patients with tumors were identified. Studies were classified as level 1 if: 1) the study groups were properly randomized for PBD and control; 2) the outcome measure of death and complications resulting from PBD was specified; 3) the outcome measure of postoperative death and complications was specified; and 4) the length of hospital stay resulting from the drainage procedure and after surgery was specified. Studies that used contemporary nonrandomized control patients or used a posthoc analysis for the outcome after PBD and after surgery in jaundiced patients but fulfilled criteria 2, 3, and 4 were classified as level 2 studies.
The quality of the studies was assessed by two authors independently with attention to the following methodologic standards for clinical trials: 18 methods and efficacy of randomization; blinding in evaluation of results; estimation of sample size; handling of withdrawals; information about patient characteristics; evaluation of patient enrollment; and assessment of therapeutic intervention. Each study was given an overall quality score based on the above criteria, which was then used to rank the studies. Interrater agreement was measured by the intraclass correlation. 19 These criteria were applied independently by two researchers, and any disagreement was resolved by group discussion.
Search Strategy
A computer-assisted search in Medline, Embase, Current Contents, and the Cochrane Database of Systematic Reviews databases (OVID) covering the period January 1966 to September 2001 was performed in September 2001 to identify published human trials in the English literature of peer-reviewed medical journals. For this purpose, the terms "preoperative biliary drainage" and "postoperative complications" were entered in a free text search. This search was updated by electronic searches and hand searches of crossreferences in relevant journals. Potentially eligible studies were evaluated for methodologic strength independently by two authors.
The main subject of this review was the difference in outcome of the treatment modality between patients having PBD and those having surgery without PBD. Because of the small numbers and the lack of uniformity in studies, we considered the different drainage procedures (ie, external and internal drainage) and different surgical procedures (eg, resection, bypass surgery for unresectable disease, and laparotomies) each as one entity. Drainage procedure-related complications, early postoperative complications, total length of hospital stay, and in-hospital death were considered primary outcome measures; if data on one of these parameters were not given in the article, then that study was not included in the analysis for that specific parameter.
Data Extraction
Studies that met the criteria for levels 1 or 2 were masked by an independent research assistant who was not involved with the abstraction of data by obscuring the author's names and institutions, the location of the study, reference lists, and any other potential identifiers. Two investigators reviewed each study independently, using a standard form, and extracted data on methodology, outcomes, and quality criteria. 20 The unit of allocation and analysis, concealment of allocation, blinding, and statistical power were recorded. Agreement between reviewers for the selection of relevant articles was 100%.
Statistical Methods
Review Manager 4.1 software (Cochrane Collaboration, Oxford, UK; available from www.cochrane.dk) was used to analyze the data. Estimates of the effectiveness of the intervention were expressed as odds ratios by using a fixed effect model (Peto method). To perform a statistical overview of hospitalization, standard methods for combining information from 2 ϫ 2 tables were used. 21 Probability values were calculated using the chi-square or Fisher exact test when appropriate. The corresponding 95% confidence intervals were calculated by the test-based method using the Maentel-Haenszel chi-square statistic. 21 Probability values for comparisons of means were calculated by applying the formula for the Student test on mean differences, the total number of patients in each treatment arm, and an estimate of the standard deviation, taking a weighted average of the standard deviation in the publications in which they were mentioned.
RESULTS
Study Characteristics
Twenty-three studies 11,14 -16,22-40 were retrieved that were relevant and potentially eligible; the reference lists of these articles were also searched, but no further appropriate studies were found (Table 1 ). There were five randomized studies 32, 33, 35, 36, 39 that were analyzed as level 1 studies. The 18 nonrandomized studies were analyzed as level 2 studies and consisted of 11 prospective cohort studies 11, [14] [15] [16] [22] [23] [24] 28, 30, 31, 37 and 5 retrospective cohort studies. [25] [26] [27] 29, 34, 38, 40 The mean quality score of the trials was 2.75 (standard deviation 0.5), or 55% of the best quality for trial reporting. 41
Study Quality
Level 1 Studies
At level 1, four of the five studies reported enough information to determine that allocation had been adequately concealed (eg, consecutively numbered envelopes that contained the assigned treatment); 33, 35, 36, 39 in the fifth article, by Hatfield et al., the authors stated only that the study was randomized. 32 Four studies used masked assessors 33, 35, 36, 39 and one had masked participants. 32 Only two studies (McPherson et al., 35 Lai et al. 33 ) reported a power calculation. All five randomized trials recorded that patient consent had been obtained, and four studies reported approval from an ethics committee. 32, 33, 35, 36 Just one of the five randomized trials (Lai et al. 33 ) used solely internal PBD in their patients. Two studies used solely external PBD 32, 35 and two studies used both types of drainage procedures. 36, 39 Altogether, 312 patients were enrolled in the level 1 studies; 157 (50.3%) patients had PBD and 155 (49.7%) had surgery without PBD.
Only Smith et al. reported benefit on the use of PBD in terms of lowering postoperative rates of death and complications. 39 Two trials were terminated prematurely. The study by McPherson et al. was terminated because of high numbers of drainage procedure-related complications. 35 In the second study, Lai et al. stated that the estimated sample size was inadequate, but because the hospital death rates of the two treatment groups were close, inclusion of the remaining patients as planned would have added no further information. 33 Hatfield et al. stopped their trial after enter- 32 Pitt et al. also reported equal death rates in both trial arms. 36 Smith et al. did not make a power estimate, and so the reason why only 30 patients were enrolled cannot be explained. 39 
Level 2 Studies
At level 2, one study was included where cohorts of patients were randomized for type of surgery (invaginated pancreaticojejunostomy vs. duct to mucosa anastomosis), 28 but the subgroup results were reported according to the use of PBD. In 11 studies, data were obtained from prospectively collected databases. 11,14 -16,22-24,28,30,31,37 In seven studies data were collected retrospectively. [25] [26] [27] 29, 34, 38, 40 One trial reported on the use of external biliary drainage only, 26 5 trials reported on the use of only internal PBD, 27, 30, 34, 37, 40 in 11 studies both internal and external drainage were used, 11,14 -16,22-25,29,31,38 and in 1 study it was not clear which type of drainage was used, 28 but presumably both types were used. Altogether, 2,853 patients were enrolled in the level 2 studies: 1,688 (59.2%) patients had PBD and 1,165 (40.8%) had surgery without PBD.
Only four studies reported a beneficial effect of the use of PBD in terms of lowering postoperative complication rates. 27, 29, 31, 34 These studies did not consider complications resulting from to PBD and complications resulting from surgery as a separate issue.
Level 1 Studies
Clinical and Surgical Characteristics
The number of patients treated with either PBD or surgery without PBD was nearly equal between both trial arms ( Table 2 ). The mean age of all patients studied in the prospective randomized trials was 63.4 years and did not differ between the two study arms. Both patient groups had an equal male/female ratio. Internal biliary drainage was performed in 41% of the cases. The mean preoperative hospital stay for the drainage procedure was 14.6 Ϯ 1.5 days. Mean bilirubin at presentation in the PBD group was slightly higher compared with the surgery without PBD group, but this difference was not significant. PBD led to a 50% reduction of plasma bilirubin levels. More than 90% of the tumors were malignant in both groups, adenocarcinoma of the pancreas being the most common malignancy. Only a few of the patients in both groups were treated with pancreatoduodenectomy. More than 50% of the patients in each group underwent bypass surgery (P ϭ NS). Significantly more patients in the PBD group (17%) underwent exploratory laparotomy compared with the surgery without PBD group (3%).
Death Rate, Complications, and Hospital Stay Resulting From the Treatment Strategy
The preoperative death rate was higher in the PBD group compared with the surgery without PBD group: 5.1% versus 1.3% (P ϭ NS; Table 3 ). In the PBD group eight patients died as a result of complications of the drainage procedure; 32, 33, 35 in the surgery without PBD group two patients died after randomization but before resection as a result of biliary peritonitis and metastasis. 32 Twenty-seven percent of the patients in this trial arm had complications from the drainage procedure, including perforation of the duodenal wall (n ϭ 10), bleeding (n ϭ 15), and pancreatitis (n ϭ 18). Early stent dysfunction occurred in one third of the patients, leading to a 9% rate of cholangitis in the PBD group.
The overall death rate resulting from the treatment strategy was slightly higher in the PBD group compared with the surgery without PBD group: 15.9% versus 13.5% (P ϭ NS; Fig. 1A ). The overall complication rate resulting from the treatment strategy was significantly higher in the PBD group than in the surgery without PBD group: 57.3% versus 41.9% (Peto odds ratio [95% confidence interval]: 1.99 [1.25-3.16 ]; see Fig. 1B ). Mainly as a result of the period before hospital admission of approximately 15 days, the mean total length of hospital stay was significantly increased in the PBD group (42 Ϯ 5 days) compared with 24 Ϯ 4 days in the surgery without PBD group (P Ͻ .01).
If drainage-related complications were excluded from analysis, then the postoperative death rate was still only slightly lower in the PBD group compared with the surgery without PBD group: 10.8% versus 13.5% (P ϭ NS). However, postoperative complications were significantly lower after PBD than after surgery without PBD: 29.9% versus 41.9% (Peto odds ratio [95% confidence interval]: 0.59 [0.37-0.94]; see Fig. 1C ). The mean postoperative hospital stay was 27 Ϯ 4 days for stented patients and 24 Ϯ 3 days for patients who underwent surgery without PBD (P ϭ NS).
Level 2 Studies
Clinical and Surgical Characteristics
The number of patients treated with PBD was 59% ( Table  4 ). The mean age of all patients studied in the collected trials was 62.9 years and did not differ between both groups, nor was there a difference in the male/female ratio. Sixty-six percent of the patients were drained internally, 29% externally, and 5% underwent both types of drainage procedures. Mean preoperative hospital stay for the drainage procedure was 18.8 Ϯ 4.2 days. Mean bilirubin at presentation was 248 Ϯ 23 and did not differ in the groups. In the PBD group, mean plasma bilirubin levels decreased by 63% from 245 mol/L to 91 mol/L toward surgery. Eighty percent of the patients undergoing PBD and 70% of the patients undergoing surgery without PBD had an underlying malignancy (P Ͻ .05). Adenocarcinoma of the pancreas was the most common malignancy in both groups. The majority of patients in both groups underwent surgical resection. Only five trials reported on the type of resection, 11, 14, 23, 34, 37 and significantly more patients in the surgery without PBD group (40%) underwent classical pancreatoduodenectomy compared with the PBD group (32%; P Ͻ .05).
Death Rate, Complications, and Hospital Stay Resulting From the Treatment Strategy
Only six trials reported on the death rate (0.3%) resulting from the drainage procedure (Table 5) . 11, 27, 29, 31, 37, 38 Ten percent of the patients treated with PBD had drainage procedure-related complications, mostly perforation of the duodenal wall. Stent dysfunction occurred in 26% of this population, mostly leading to cholangitis. The time before hospital admission was considerable, on average 19 days, as a result of drainage procedures and related complications. It is not clear whether this also included the time needed for staging.
The overall death rate as a result of the treatment strategy was slightly lower in the PBD group compared with the surgery without PBD group: 3.2% versus 4.9% (P ϭ NS; Fig. 2A ). Six studies reported enough information on overall complications, 11, 27, 29, 31, 37, 38 which was Fig. 2B ).
The postoperative complication rate was equal between PBD and surgery without PBD: 49.3% versus 49.5% (see Fig. 2C ). The mean postoperative hospital stay was 14 Ϯ 1 days in stented patients and 18 Ϯ 4 days in patients with surgery without PBD; although 4 days shorter for the PBD group, there was no significant difference compared with the surgery without PBD group.
DISCUSSION
This systematic review does not provide evidence for a clinical benefit of using PBD in jaundiced patients with tumors planned for surgery. Indeed, it even shows that this treatment strategy increases the overall complication rate. Moreover, the increase in total hospital stay resulting from these concurrent problems adds more inconvenience for the patient, despite the considerable improvement in success rates and decreased complication rates that have occurred in the past decade. Decreasing drainage-related complications could be a way of improving the beneficial effects of PBD that may be expected based on experimental data.
Although in recent years the postoperative complication rate has declined dramatically, surgery in patients with obstructive jaundice remains associated with a substantial rate of complications, even in high-volume centers. Major perioperative strategies to improve postoperative outcome have emerged. Although at first it was propagated to perform PBD, randomized trials showed that there is no evidence that surgery with PBD is better than surgery without PBD. In several centers, PBD was rejected because of reports of adverse events of the procedure (eg, increased incidence of wound infection and anastomotic leakage). 14, 15, 37 But although there is no scientific evidence of the beneficial effects of PBD, as many as 6 of 10 patients are still being treated that way as a temporary measure to prevent cholangitis after diagnostic endoscopic retrograde cholangiopancreatography (ERCP) or to reduce obstructive jaundice because of an expected delay in surgery resulting from the need for further preoperative assessment or a long waiting time before surgery. 42 The most important drawback of most trials is the lack of uniformity. First, three studies used external biliary drain-age only, 26, 32, 35 six studies reported on the use of only internal biliary drainage, 27, 30, 33, 34, 37, 40 and most studies used both. 11,14 -16,22-25,28,29,31,36,38,39 Although both decompress the biliary tract, the pathophysiologic consequence of internal drainage is entirely different from that of external drainage in terms of restoration of the enterohepatic cycle, 43, 44 colonization of the biliary tract, 12, 45 and inflammatory reaction of the biliary tract. 13 Second, different levels of biliary obstruction are compared as one. Biliary drainage of a proximal tumor with intrahepatic stenosis of the bile duct is different from a distal obstruction. Third, different types of operations are compared, although it is evident that the complication and death rates of a pancreatoduodenectomy are greater than a bypass procedure.
Another point of variation in the studies was the duration of PBD: the range was 12 to 26 days in level 1 studies and 10 to 32 days in level 2 studies. The wide range can be explained by patients requiring early surgery for drainage procedure-related complications and other patients having a slow decrease in the plasma bilirubin level, but also a waiting time for surgery. To date the optimal duration of PBD remains undetermined. The duration of biliary drainage should probably be at least 4 weeks. Even if the bili- 11, [14] [15] [16] 23, 25, 26, 31, 34, 37, 38 Malignant tumors 1,141/1,435 (79.5%) † 603/862 (70.0%) Pancreatic cancer 11, 23, 28, 29, 34, 37, 38 271/510 (53.1%) † 134/305 (43.9%) Ampullary cancer 11, 23, 28, 29, 34, 37, 38 123/510 (24.1%) † 50/305 (16.4%) Distal cholangiocarcinoma 11, 23, 28, 29, 34, 37, 38 27/510 (5.3%) 23/305 (7.5%) Proximal cholangiocarcinoma 11, 26, 28, 29, 34, 37, 38 87/422 (20.6%) 26/156 (16.7%) Other* 11, 23, 28, 29, 34, 37, 38 6/510 ( rubin level has decreased to normal levels, hepatic function will be fully restored only after at least 4 to 6 weeks. Koyama et al. showed that it takes more than 6 weeks of decompression before hepatic mitochondrial functions return to normal. 46 Aronson et al. demonstrated that at the histologic level liver damage was completely reversible within 8 weeks of internal bile flow restoration in cholestatic rats. 47 On the other hand, McPherson et al. demonstrated by using the antipyrine clearance method that hepatic function does not improve consistently during drainage. 48 Also, depressed cell-mediated immunity, impaired hepatic reticuloendothelial function, 49 and altered lymphocyte transformation have been documented, 30, 50 and these functions are unlikely to improve within 4 weeks. A too-short period of PBD is probably not able to reverse the various metabolic abnormalities associated with obstructive jaundice, whereas in patients with an underlying malignancy some of these parameters may not be reversible at all. Increasing drainage time increases the risks of stent clogging and secondary inflammatory changes to the bile duct wall. If these complications require readmission to the hospital, this might lead to postponing surgery. Stenting is routinely applied after a diagnostic ERCP in patients with obstructive jaundice to prevent cholangitis. However, at present other noninvasive imaging techniques as spiral computed tomography and magnetic resonance imaging/magnetic resonance cholangiopancreatography, have taken over from the diagnostic ERCP. Subsequently, the ideal strategy should probably be a diagnostic workup without invasive visualization of the bile duct and accurate selection of patients for endoscopic palliative stenting or immediate surgery. In patients with severe jaundice (bilirubin Ͼ 150 mol/L) and/or cholangitis, PBD might still be indicated, although evidence is lacking.
It is conceivable that there are specific subgroups of jaundiced patients with tumors undergoing surgery without PBD and having a greater risk of developing postoperative complications who would substantially benefit from a complication-free PBD. At present, such a subgroup has not been convincingly identified, probably because of the lack of uniformity in the identified studies.
Although PBD seemed to reduce the incidence of postoperative complications, the absolute benefit was relatively small, even detrimental. Given this modest benefit of PBD for unselected jaundiced patients with tumors, PBD cannot be recommended routinely.
Methodologic Issues
One of the reasons to exclude historical controls from this analysis was that many factors, such as an improved awareness of the importance of nutrition, may have changed over time and may have resulted in a reduction in the number of deaths. 8, 51, 52 Moreover, the technique itself has improved, with reduced rates of death and complications, and has shifted from external to internal drainage.
The quality of the studies at level 1 was moderate, and sample sizes were often small. Another point of concern is the preoperative mean bilirubin level of 152 mol/L in patients despite PBD. Because hyperbilirubinemia has been proven to be a potential risk factor in hepatopancreatobiliary surgery, 3, 5, 53 this must be decreased much further.
Unfortunately only one study, by Sohn et al., analyzed whether internal drainage was better than external drainage; it concluded that there was no difference in terms of death or complications. 14 However, experimental studies have proven the benefit of internal biliary drainage, among others by improving nutritional status, 54 reducing endotoxemia, 55 normalizing abnormal lipid status, 56 improving immune functions, 57 and even reducing the death rate. 9 For the same 11, 27, 29, 31, 37, 38 59/595 (9.9%) Stent dysfunction 11, 27, 29, 31, 37, 38 155 Figure 2 . Meta-analysis for aggregated data in level 2 studies: effect of preoperative biliary drainage (PBD; treatment arm) and surgery without PBD (control arm) on overall death rate (A), overall complication rate (B), and postoperative complication rate (C) in patients undergoing pancreaticobiliary surgery for suspected tumors. Values less than 1 indicate that the treatment is better than control. reason the question of whether PBD is helpful in patients with hilar obstruction cannot be answered. Only the study by Lai et al. 33 at level 1 and the studies by Hochwald et al. 24 and Figueras et al. 26 at level 2 reported data on the benefit of PBD in patients with proximal cholangiocarcinoma. None of the studies showed a benefit for PBD. Therefore, there were not enough data available to perform a decent analysis of this matter. It is, however, known from other studies that biliary drainage of proximal cholangiocarcinomas is associated with high rates of complications. 58 Moreover, (extended) hepatic resection in patients with severe obstructive jaundice leads to more liver insufficiency and subsequent higher rates of death and complications. 59 -61 A cost-benefit analysis should be an integral part of any future study because the excess cost of the PBD procedure should be taken into account. In only two studies was this issue discussed. Marcus et al. suggested that PBD for tumor resection in jaundiced patients would be cost-effective; 34 Pitt et al. demonstrated in their randomized trial that patients randomized to receive a stent had increased hospital costs. 36 Finally, trials should be consistent in inclusion and exclusion criteria. Most trials enrolled patients with infectious and coagulation abnormalities in addition to obstructive jaundice with lesions at varying levels of the biliary tree, and various curative and palliative surgical procedures. In addition, patients with cholangitis should be excluded.
CONCLUSIONS
This meta-analysis shows that PBD for jaundiced patients with resectable tumors is not beneficial because of drainagerelated procedures. Because of the lack of uniformity of the studies, it might be that a well-selected high-risk subgroup of patients might benefit from PBD, but this cannot be identified by use of a meta-analysis. Therefore, new, properly designed randomized controlled trials are necessary to identify patients who might benefit from PBD.
